Objective: The aim of this retrospective study was to evaluate diagnostic accuracy of serum thyroglobulin antibody (TgAb) in thyroglobulin (Tg)-negative and TgAbpositive (Tg − TgAb + ) patients with differentiated thyroid carcinoma (DTC). Method:
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Introduction
Serum thyroglobulin (Tg) level and 131 I whole-body scanning (WBS) are the leading recognized sensitive and specific tools for the detection of recurrence or metastases during follow-up of thyroidectomized patients with differentiated thyroid carcinoma (DTC) who underwent remnant ablation. These have been widely accepted management protocols [1] [2] . However, the presence of serum anti-Tg antibody (TgAb) may interfere with Tg measurement made by immunometric assay (IMA) or radioimmunoassay (RIA) methods and cause false results [3] [4] [5] [6] . In the presence of TgAb, IMA methods consistently underestimate serum Tg levels, while RIA methods generally overestimate serum TG levels [5] [6] [7] . Previous studies have showed the incidence of TgAb-positive (TgAb + ) in DTC patients ranges from 10% to 30% [8] [9] [10] [11] [12] and about 20% -30% have been proven recurrence or metastasis among the TgAb + DTC patients. TgAb currently compromises the use of serum Tg as a tumor marker in this kind of DTC patients. Also, TgAb has been studied extensively in order to evaluate its place in clinical practice [8] - [13] . Serum TgAb levels can be used as a marker for the studied patients that have been shown to be cost-effective in a few studies [8] - [17] , but its possible diagnostic benefit remains controversial. And, it has not been confirmed the diagnostic significance of elevated serum TgAb levels with TG-undetectable and TgAbdetectable (Tg − TgAb + ) DTC patients.
Therefore, the aims of the present study were to evaluate diagnostic accuracy of serum TgAb in Tg − TgAb + DTC patients who had previously received thyroidectomy and radioiodine ablation therapy and ascertain the cut-off value of TgAb to differentiate between the pathologic and disease-free patients.
Materials and Methods

Patients
We performed a retrospective review on medical records of1236 patients with histologically confirmed DTC who were admitted to the Nuclear Medicine Department of Zhongshan Hospital Xiamen University from January 2001 to December 2014. All patients underwent total or subtotal thyroidectomy, followed by radioiodine remnant ablation completely and thyroid hormone suppression of thyroid-stimulating hormone (TSH). According to the collecting and excluding standards, 341 patients entered the study finally. The patients were divided into the recurrence group (n = 119) and no evidence of disease (NED) group (n = 222) on the basis of the golden standard.
Definitions
A serum TG level of below 1 µg/L with suppressed TSH levels or 2 µg/L with stimulated TSH levels was considered undetectable (Tg − ). We defined TgAb-detectable (TgAb + ) as upon 10 IU/ml. Recurrence was defined as either a regional recurrence and/or distant spread.
The DTC patients with Tg − TgAb + and successful ablation of thyroid remnant enrolled the study. The DTC patients with TG-detectable, TgAb-undetectable (Tg + TgAb − ) or thyroid remnant in thyroid bed were excluded the study. The gold standard for the study was either the diagnosis of recurrence established by biopsy and/or the diagnosis of the routine clinical examinations (chest x-rays, CT scanning, neck high-resolution echography and radioiodine whole body scan).
Sensitivity (Sen) and specificity (Spe) were defined as true positive and true negative, respectively. Positive likelihood ratio (+LR) was defined as the ratio of the true positive and false positive (Sen/1 -Spe). Youden Index (YI) = Sen + Spe -1. Pre-test probability is defined as the probability that a patient suffers from recurrence or metastases by means of his/her medical history and physical sign. Post-test probability is defined as the probability of recurrent disease in a patient with a certain test result of TgAb. Pretest odds = pre-test probability/(1 -pre-test probability). Post-test odds = pre-test odds × (+LR). Post-test probability = post-test odds/(1 + post-test odds).
Serum Tg and TgAb Assays
Serum Tg level was determined by means of electrochemiluminescence immunoassay (ECLIA) method using a commercially available kit (Roche Diagnostics GmbH), which has a measuring range of 0.100 -1000 µg/L. The intra-and interassay coefficient of variability (CV) were 1.8% and 3.2%, respectively.
Serum TgAb level was measured by means of ECLIA method (Roche Diagnostics GmbH) with measurable range of 10 -4000 IU/ml. The intra-and interassay CV were 5.2% and 7.3%, respectively.
Statistical Analysis
Data were expressed as mean ± SD. Statistical analysis was done using Independent-samples t test and the χ 2 test. A P-value of less than 0.05 was considered to indicate a statistically significant difference.
The analysis of diagnostic value was performed by receiver operating characteristic (ROC) curve at the time of evaluation. The nonparametric method could be used to estimate the area under ROC curve. The area under the ROC curve (AUC) with 95% confidence interval (CI) was calculated to express the overall diagnostic accuracy of the test. The AUC, P value, and cutoff point were obtained from the curve. The cut-off value was defined as the threshold value of the maximum Youden Index (YI). Corresponding to Spe, Sen, PV and LR were calculated for the cut-off value in contingency tables.
The symmetric measures of the two diagnostic methods (the golden standard and the diagnostic standard as serum TgAb level alone)were analyzed using McNemar test and measure of agreement Kappa. And, the analysis of positive likelihood ratio (+LR) with different threshold values were carried out in the study.
Statistical analyses were performed with SPSS for Windows Software package (Release 17.0, SPSS Inc., US).
Results
Serum TgAb Levels and Clinical Characteristics in the Two Groups
A total of 341 patients were enrolled and divided into two groups: 119 patients with recurrence group and 222 patients with NED group between January 2001 and December 2014. Table 1 summarizes the clinical characteristics of 341 patients. Age, sex and histology of recurrence group were compared with those of NED group respectively; no significant differences were all found (P > 0.05). Serum TgAb level was significantly higher in the patients with recurrence group in comparison with patients in NED group (1381.292 ± 1017.221 vs. 125.559 ± 314.047 IU/ml, P = 0.000 < 0.001). Medians of serum TgAb level were 1038.4000 IU/ml and 63.745 IU/ml in recurrence group and NED group, respectively. 
Receiver Operating Characteristic Curve Analysis
Determining the Cut-Off Value
YI is an index of analysis by synthesis that reflects the authenticity of diagnostic test. It is defined as (Sen + Spe -1); its range is from −1 to +1. As the analysis of definite quantity, the closer the value is to the upper limit (+1), the higher the overall accuracy of the diagnostic test.
We selected the operating point on the ROC curve the closest to the upper left corner 
Symmetric Measures
The Thus, κ ≥ 0.7 is considered to be excellent test results (i.e., the agreement of two diagnostic methods was high statistical significance); 0.4 ≤ κ < 0.7 is considered to be statistical significance; κ < 0.4 is considered to be no statistical significance. Measure results of agreement Kappa was "κ = 0.841, P = 0.000 < 0.001", that showed the agreement of the two diagnostic methods was high statistical significance.
Diagnostic Properties and Analysis of Positive Likelihood Ratio
Selecting TgAb = 246.695 IU/ml as cut-off value, we predicted the studied patients (Table 2) . Diagnostic properties were expressed by Sen, Spe, positive likelihood ratio (+LR), accuracy (Acc), positive predictive value (+PV) and negative predictive value (−PV). According to Figure 3 ). Table 3 and Figure 3 showed that the higher serum TgAb level, the higher corresponding +LR was (i.e., the higher serum TgAb level, the more possible recurrence was). According to the relationship of pre-test odds, post-test odds, pre-test probability and post-test probability, we calculated the results as follows: when the pre-test probability fixed and except for the mixed function of other factors, the possibility of recurrence as TgAb ≥ 246.695 IU/ml was 10.294 times that of TgAb < 246.695 IU/ml; the possibility of recurrence as TgAb > 1000.000 IU/ml was 1.086 times that of 246.695 IU/ml ≤ TgAb ≤ 1000.000 IU/ml, 4.571 times that of 100.000 IU/ml ≤ TgAb < Figure 3 . Positive likelihood ratio of different threshold value of serum TgAb. The serum TgAb levels were higher; the corresponding +LR was higher. That is to say, the higher serum TgAb levels, the more possible recurrence or metastases was.
246.695 IU/ml, 29.109 times that of 10.000 IU/ml ≤ TgAb < 100.000 IU/ml; the possibility of recurrence as 246.695 IU/ml ≤ TgAb ≤ 1000.000 IU/ml was 4.209 times that of 100.000 IU/ml ≤ TgAb < 246.695 IU/ml, 26.802 times that of 10.000 IU/ml ≤ TgAb < 100.000IU/ml; the possibility of recurrence as 100.000 IU/ml ≤ TgAb < 246.695 IU/ml was 6.368 times that of 10.000 IU/ml ≤ TgAb < 100.000 IU/ml.
According to the analysis of positive likelihood ratio, we assumed that the possibility of recurrence/metastases as 246.695 IU/ml ≤ TgAb < 1000.000 IU/ml is 10 units, the possibility of recurrence/metastases as TgAb > 1000.000 IU/ml, 100.000 IU/ml ≤ TgAb < 246.695 IU/ml and 10.000 IU/ml ≤ TgAb < 100.000 IU/ml is 10.860 units, 2.376 units, 0.373 units respectively (Figure 4 ). [25] reported that production of TgAb is mainly due to intrathyroidal and extrathyroidal lymphocytes for antigen presentation to immune cells. Only rarely TgAb is produced by circulating lymphocytes and immune cells in cervical lymph nodes and bone marrow. This notion shows that the production of thyroid antibodies depends on antigenic components. After successful ablation of thyroid remnant tissue, the main source of TgAb is extrathyroidal lymphocytes. That is to say, Figure 4 . The possibility of recurrence/metastases as different threshold values of serum TgAb levels. Assuming the possibility of recurrence/metastases as 246.695 IU/ml ≤ TgAb < 1000.000 IU/ml is 10 units, the possibility of recurrence/metastases as TgAb > 1000.000 IU/ml, 100.000 IU/ml ≤ TgAb < 246.695 IU/ml and 10.000 IU/ml ≤ TgAb < 100.000 IU/ml is 10.860 units, 2.376 units, 0.373 units respectively.
Discussion
persistent tumors mainly become source of antigenic components of producing TgAb.
The notion theoretically explains that serum TgAb level is an index of recurrence or metastases in Tg − TgAb + DTC patients of complete ablation.
In this study, we analyzed the diagnostic accuracy and ascertained the cut-off value of serum TgAb in the enrolled patients by means of ROC curve and +LR analysis of different threshold values. Serum TgAb levels (1381.292 ± 1017.221) IU/ml of patients with recurrence group was significantly higher than those (125.559 ± 314.047) IU/ml of NED group (P = 0.000) ( Table 1 ), suggesting that serum TgAb level might be related to the persistence DTC. Similar findings have been reported previously [11] [15]. Hjiyiannakis et al. [10] reported that 9 patients (22.5%) had shown progressively increasing acted "TgAb = 100 U/ml, TgAb titre = 1/100, TgAb = 50 U/ml" as referential value that was not been statistically analyzed by diagnostic test. According to our knowledge, this is the rare report on the application of ROC curve and +LR with different threshold values analyses in order to evaluate the diagnostic value of serum TgAb monitoring in the follow-up after successful ablation remnant thyroid tissue for TG-undetectable (TG − ) DTC patients. ROC curve is applied to evaluate the accuracy of diagnostic test. ROC curve occupy a central or unifying position in the process of assessing and using diagnostic tools. The ROC curve depicts the overlap between the two distributions by plotting the Sen vs. (1 − Spe) for the complete range of decision thresholds. The y-axis is Sen, and the x-axis is (1 − Spe). The ROC graph is a plot of all of the Sen/Spe pairs resulting from continuously varying the decision threshold over the entire range of results observed. Every point on the curve represents a Sen/Spe pair corresponding to a particular decision threshold [26] . AUC is a measure of predicted accuracy. The results of our ROC study showed that AUC value was 0.956 ( Figure 1 ). There was statistical difference between the AUC (0.956) and A z (0.5). And the AUC value (0.956) was higher than 0.9. The results showed that the diagnostic test was higher accuracy. That is to say, it was important diagnostic significance for serum TgAb level to evaluate recurrence in DTC patients of TG − TgAb + . Even, it may be possible that TgAb is more likely to act as a tumor marker in these patients.
It showed that TgAb at a single cut-off level was used with regard to monitoring the recurrence of the DTC patients with TG − TgAb + received successful ablation. As showed in Figure 1 and Figure 2 , we selected the "A" point of the closet to the upper left corner on the curve as cut-off point. Corresponding to YI is the maximum value (YI = 0.847).
ROC analysis showed that the cut-off point (TgAb = 246.695 IU/ml) was the higher Sen (92.40%) and Spe (92.30%). And this may reflect the fact that 110 of 119 of the patients with recurrence had increased TgAb level (≥246.695 IU/ml) ( Table 2 ). Only 7.56% (9/119) patients with recurrence were falsely classified as NED when the cut-off value revealed by ROC analysis was used (Table 2 ).
In the present study, the analytical results of +LR with different threshold values showed that the higher serum TgAb level, the more possible recurrence is ( Table 3 Hjiyiannakis et al. [12] carried out a retrospective review to investigate the recurrence or metastases in patients with TgAb + in the Royal Marsden Hospital. They reported that 11 patients were found recurrence among 28 patients of high titre group (TgAb > 1/100); only 2 patients were found recurrence among 12 patients of low titre group (TgAb < 1/100). Median of TgAb level was 1/604 in the high titre group, whereas it was 80 IU/ml in the low tire group. In our study, median of TgAb level was 1038.400 IU/ml in the recurrence group, and is similar to the observations of Hjiyiannakis et al. [12] . Our study shown that median of TgAb level only was 63.745 IU/ml in the NED group. Compared with the reported result by Hjiyiannakis et al. [12] , it was lower. In our study, serum TgAb levels were (1381.292 ± 1017.221) IU/ml in recurrence patients and (125.559 ± 314.047) IU/ml in NED patients. Compared with the observed results of Chung et al. [14] , the serum TgAb levels were similar in recurrence group and lower in NED group. This phenomenon is likely to be owing to the presence for following factors, such as selected patients, sample, different assay methods of serum TgAb and a TG/TgAb immune complex from the blood.
Conclusions
Serum TgAb is acted as a "tumor marker" and its cut-off value is 246.695 IU/ml in TG − TgAb + DTC patients with successful ablation of remnant thyroid tissue. The higher serum TgAb level, the more possible recurrence is. During the long follow-up of such patients populations, serum TgAb level should be routinely measured. As serum "TgAb ≥ 246.695 IU/ml", correlative clinical measures should be carried out in order to find recurrence earlier and treating as soon as possible; as serum "TgAb < 246.695 IU/ml", we should termly monitor the serum level of TgAb.
We need carry out a research of big sample and a long-term clinical observation to nail down the diagnostic value of serum TgAb in patients with DTC.
